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Introduction
Second primary cancer is a new neoplasm that is biologically independent of a prior cancer. [1] The second primary cancer may share genetic factors or environmental background with the prior cancer, such as alcohol consumption, smoking, genetic syndromes/predisposition, and underlying diseases, which may be precancerous factors. Moreover, exposure to chemotherapy and radiation for prior cancer and receiving surgery can be predisposing factors to a second primary cancer. There were previous reports about an increased risk of secondary malignancies in cancer survivors. [2] [3] [4] The development of diagnostic and therapeutic techniques for malignancy has increased both the life span and the risk of second malignancies in cancer survivors. In the United States, the proportion of cancer survivors among the total population is estimated to be 3.5%, and about 10% of newly diagnosed cancers develop in cancer survivors. [5, 6] These data imply that understanding the characteristics of second primary cancers has become more important in developing screening and management programs for cancer survivors.
Pancreatic ductal adenocarcinoma (PDAC) is the fourth most common cause of cancerrelated deaths and known to have an extremely poor prognosis, with a 5-year survival rate of <6%. [5] The median overall survival (OS) is 9 months for locally advanced pancreatic cancer and 3-6 months for metastatic disease. [7] The only potentially curative therapy for pancreatic cancer is surgical resection, and only 20% of pancreatic cancers are resectable at the time of diagnosis. In addition to this dismal prognosis, to date, there is no effective screening tool for high-risk patients and early screening for PDAC is not recommended for the general population in terms of cost-effectiveness. [8] Similar to patients with other second primary malignancies, there have been patients with PDAC who developed another primary tumor in another organ or with a different histology. To date, there are only a few studies about second primary PDAC (2nd PDAC). A study about 2nd PDAC with pooled analysis of international multicenter cancer registries reported that the prevalence of 2nd PDAC among all patients with PDAC was about 6.3%. [9] There have been a few studies which reported pancreatic cancer as a second primary malignancy, and observed that the risk of second primary pancreatic cancer was increased after the development of various malignancies. [10] Recently, a report about second primary pancreatic cancer in colorectal cancer survivors showed that these patients have an increased risk of developing second primary pancreatic cancer. [11] However, although several studies have reported the increased risk of 2nd PDAC in cancer survivors, data on the characteristics of 2nd PDAC are insufficient. Thus, we conducted a study on the characteristics of 2nd PDAC, with the premise that our results might help in developing follow-up and screening strategies for cancer survivors, and in elucidating the treatment for these patients with fatal PDAC.
Materials and methods

Study population and definitions
A retrospective patient cohort from Severance Hospital, Seoul, Korea, was examined. A total of 1759 patients with PDAC, diagnosed as having ductal adenocarcinoma of the pancreas according to histopathological findings between 2006 and 2014, were included in this study. The age of the participants ranged from 44 to 91 years old.
The patients in the cohort were classified as having 2nd PDAC or first primary PDAC (1st PDAC) according to the history of a prior cancer. Patients who met the following criteria were considered as having 2nd PDAC: 1) the histological type of the prior cancer was not adenocarcinoma; 2) if the histological type of the previous tumor was adenocarcinoma, the possibility of primary pancreatic cancer should be higher than that of metastasis or recurrence of the previous tumor based on specific immunohistochemical staining or a reliable review by an experienced pathologist; and 3) PDAC was diagnosed at least 6 months after the diagnosis of the prior cancer to exclude synchronous PDAC. If the patient had a history of more than one prior cancer, the time of diagnosis of the first cancer was applied into the criteria.
The following clinical characteristics of patients were collected: sex, age, smoking status, alcohol consumption, history of diabetes and hypertension, CA19-9 level at diagnosis, primary location of pancreatic cancer, resectability at diagnosis, initial treatment modality, origin of another primary tumor, period between the time of diagnosis of another primary tumor and that of the 2nd PDAC, and OS. 
Statistical analysis
Ethical review
All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. As a retrospective analysis, Yonsei University Health System, Severance Hospital, Institutional Review Board approval was obtained and the need for informed consent was waived.
Results
Baseline characteristics
A total of 1759 patients with PDAC were included in the cohort. Forty-three patients were classified as having synchronous 2nd PDAC and excluded from the analysis. There were 1606 patients (93.6%) with 1st PDAC and 110 patients (6.4%) with 2nd PDAC in the study population (Table 1) . Six patients (0.4%) had more than one prior cancer. In the comparison of baseline characteristics between the 1st PDAC and 2nd PDAC groups ( 
Survival analysis
The OS was slightly longer in patients with 2nd PDAC; however, the difference was not significant (11.8 vs. 12.3 months, p = 0.068). Multivariate analysis without resectable status showed that 2nd PDAC (HR 0.73, 95% CI 0.56-0.94, p = 0.016), age at diagnosis (HR 1.02, 95% CI 1.01-1.02, p < 0.001), and alcohol consumption (HR 1.28, 95% CI 1.13-1.47, p < 0.001) were significantly related to OS (Table 3) . When resectable status was included in multivariate analysis, age at diagnosis (HR 1.02, 95% CI 1.01-1.02, p < 0.001), alcohol consumption (HR 1.25, 95% CI 1.11-1.42, p = 0.001), and resectable status at diagnosis (HR 0.30, 95% CI 0.25-0.36, p < 0.001) were significantly associated with OS. However, 2nd PDAC (HR 0.85, 95% CI 0.66-1.09, p = 0.198) was no longer significantly associated with OS after adjusting for resectable status. This analysis suggested that the association between 2nd PDAC and survival was owing to the higher resectability rate. To exclude the confounding effect of the resectability of PDAC on OS, we divided the whole cohort according to the initial treatment modality for PDAC: 1) patients who received curative surgery and 2) patients who received chemotherapy. Then, the OS of patients with 1st PDAC and those with 2nd PDAC was compared with Kaplan-Meier analysis according to treatment modality (Fig 1) . In the subgroup of patients who received curative surgery (Fig 1B) , the median OS was 28.5 months (95% CI, 23.0-34.1) in the 1st PDAC group compared with 33.1 months (95% CI, 9.0-27.2) in the 2nd PDAC group (n: 259 vs. 29, p = 0.860). In the subgroup of patients who received chemotherapy (Fig 1C) , the median OS was 10.7 months To compare differences according to the follow-up modality that might be different depending on the location of the prior cancer, we divided patients with 2nd PDAC into those with a prior cancer originating from the abdomen and those with prior cancer of non-abdominal origin (Table 4 ). The origin of abdominal prior cancers included the gastrointestinal tract (stomach, colon, rectum), hepatobiliary tract (liver, bile duct), genitourinary tract (prostate, bladder, kidney), gynecologic system (cervix, endometrium, and ovary), and other sites in the abdominal and pelvic cavities. Other cancers originating from the thyroid, breast, head and neck, lung, and brain were included in the non-abdominal prior cancer group. There were 63 patients (57.2%) with abdominal prior cancer and 47 patients (42.7%) with non-abdominal prior cancer. In the comparison analysis, there were no significant differences in resectability (27.0 vs. 25.5%, p = 0.864) or OS (11.3 vs. 14.5 months, p = 0.212) between groups.
In addition, we analyzed ratios of incidental findings on abdominal follow-up diagnostics in comparison to symptomatic 2nd primary PDAC, which led to scan-diagnostics in the first place. There were 47 patients who were diagnosed with 2nd PDAC on follow-up abdominal CT/MRI scans and 63 patients who were diagnosed with 2nd PDAC by symptoms. Comparing the two groups, the rate of resectable disease was significantly higher in the patients who were diagnosed by follow-up abdominal CT/MRI scans than those diagnosed by symptoms presentation (36.2% vs. 19.0%, p = 0.044).
Cumulative incidence rate of 2nd PDAC after diagnosis of another primary tumor
The median interval between the diagnosis of the 2nd PDAC and the diagnosis of the prior cancer was 8.4 years (range 0.7-31.4 years) in the 2nd PDAC group (Table 2) . Among prior cancers with a ratio of >10%, the median interval of stomach cancer was the longest at 11.2 years (range 1.3-23.2 years). Thyroid cancer presented the shortest interval to 2nd PDAC at 5.0 years (range 1.2-30.5 years). Fig 2 shows the cumulative incidence rate of 2nd PDAC after the diagnosis of prior cancer in the 2nd PDAC group. The trend of the first 5 years was 7 cases per year (35 cases every 5 years). Thereafter, every 5 years, the value decreased continuously to 
Discussion
Previously, there were a few studies about 2nd PDAC with a population-based analysis. These studies reported that cancer survivors have an increased risk of developing 2nd PDAC. [10, 12, 13] Although there have been reports about the increased risk of 2nd PDAC in cancer survivors, there have been few studies about how the 2nd PDAC was different from the 1st PDAC. Hackert et al reported features of patients with PDAC and history of extrapancreatic malignancy compared to patients with PDAC as only tumor, however, the results of the study were limited to patients who underwent surgery for PDAC. [14] Considering the fatality of pancreatic cancer, an increased risk of pancreatic cancer in cancer survivors necessitates more attention on 2nd PDAC. In that context, we aimed to analyze the characteristics of 2nd PDAC in this study.
In this study, there were 110 patients with 2nd PDAC among a total of 1716 patients with PDAC. The proportion of patients with 2nd PDAC was about 6.4%, and this percentage was compatible with that reported in a previous study. [9] The considerable proportion of patients with 2nd PDAC in the entire pancreatic cohort again suggests that more attention should be paid to this specific subset of patients with pancreatic cancer. In our results, the patient age at diagnosis of 2nd PDAC was older than that of 1st PDAC (66.5 vs. 62.2 years, p < 0.001). Similarly, in a previous report, there were more patients >75 years old (46% vs. 32%) and fewer patients <65 years old (22% vs. 37%) in the 2nd PDAC group than in the 1st PDAC group. [9] This result concurs with another study which reported that patients with PDAC and history of extrapancreatic neoplasm presented at older age than patients with PDAC as only tumor in patients who underwent surgery (68 vs. 64 years, p < 0.0001). [14] There seemed to be a tendency that patients with second primary cancer are older than patients with first primary cancer at the time of diagnosis. A previous study about second primary non-small cell lung cancer (NSCLC) reported that the group of patients with NSCLC with a history of another tumor presented older age at diagnosis (71 vs. 66 years) than did patients with NSCLC as the only tumor, similar to our result. [15] The age at diagnosis might be different because old age is one of the risk factors of cancer and patients with second primary cancer had lived long enough to survive the prior cancer.
The rate of alcohol consumption (25.5 vs. 36.8%, p = 0.017) was lower in the 2nd PDAC group in our results. This might be because of the tendency of patients to stop drinking alcohol upon the diagnosis of cancer. Like our study, a previous study reported that the onset of cancer was significantly associated with cessation of alcohol consumption, based on cohort data from 9001 Korean patients. [16] In the multivariate analysis after adjusting for confounding factors such as older age at diagnosis of 2nd PDAC, 2nd PDAC was significantly associated with a longer OS compared with 1st PDAC (HR 0.73, p = 0.016). However, after adjusting for resectability at diagnosis, 2nd PDAC was no longer significantly associated with OS. In fact, the rate of resectability of 2nd PDAC was significantly higher than that of 1st PDAC (26.4 vs. 15.9%, p = 0.004). Furthermore, more patients with 2nd PDAC could receive curative surgery, which could potentially increase their OS. When the whole cohort was divided into subgroups according to initial treatment modality (curative surgery or chemotherapy), there was no difference in OS between 2nd PDAC and 1st PDAC in both subgroups. These results suggest that the OS of the 2nd PDAC group seemed to be longer because there were more resectable cases at the time of diagnosis. Concerning the treatment, it can be presumed that that the nature of 2nd PDAC and 1st PDAC was not much different. When surgery of curative aim was possible, the OS was increased even in patients with 2nd PDAC. This result suggests the need to develop screening programs for detecting resectable pancreatic cancer in cancer survivors.
To identify the effect of follow-up methods that might be different depending on the anatomical distribution of the prior cancer, we compared the subgroups divided according to the location of prior cancer in the 2nd PDAC group. When comparing cancers of abdominal origin, which were closer to the pancreas, and those of non-abdominal origin, there were no significant differences between subgroups in terms of resectability (p = 0.864) or OS (p = 0.212). It seems that the origin of prior cancer was not related to the tendency of early detection of 2nd PDAC. Interestingly, the rate of resectable disease was significantly higher in the patients who were diagnosed by follow-up abdominal CT/MRI scans than those diagnosed by presentation of symptomatic 2nd PDAC, which led to scan-diagnostics in the first place. It seemed that there was a correlation between early detection and follow-up methods, which suggested the necessity of developing screening programs for 2nd PDAC. However, there were only 110 patients with 2nd PDAC in this study, and follow-up intervals and methods were heterogeneous. A larger study with subgroup analysis according to the cell types or common etiologies shared by prior cancers should be conducted in the future. Most importantly, an optimal follow-up program for 2nd PDAC should be developed and evaluated.
The cumulative curve of diagnosis of 2nd PDAC is presented in Fig 2. According to our analysis, the median interval from prior cancer to 2nd PDAC was 8.4 years, and the cumulative rate of diagnosis of 2nd PDAC continuously increased for 10 years with inclination similar to the first 5 years (6.4 and 5.8 cases per year). The graph was steadily increasing for 20 years with a 90.9% cumulative rate and then reached a plateau. This result implies that cancer screening in cancer survivors and regular follow-up need to continue up to 20 years after the diagnosis of prior cancer, which is longer than the usual current follow-up period for most cancers. In our study, the most common prior cancer of 2nd primary PDAC was stomach cancer (20.0%), followed by thyroid cancer (19.1%), breast cancer (17.3%), colon cancer (10.9%), and others. This result was compatible with the prevalence and OS of these cancers in Korea. According to Cancer Statistics 2013 in Korea, [17] the most common origin of cancer was the stomach (17.8%) and colon (14.6%) in men. In women, thyroid cancer (30.5%) was the most common and breast cancer (15.4%) was the second common malignancy. In our study, there were only a few patients with lung cancer or liver cancer as the prior cancer, although these cancers are highly prevalent in Korea. This result was presumed to be because of the poor survival of patients with liver and lung cancers.
This study has several limitations. The number of patients with 2nd PDAC was small compared with those with 1st PDAC, although the proportion of 2nd PDAC in the total cases of PDAC was compatible with a previous study. In addition, we did not consider the possibility of multicancer syndromes accompanied with genetic disorders and the presence of premalignant lesions of PDAC such as intraductal papillary mucinous tumor. To overcome such limitations, larger prospective studies are needed in the future.
Conclusions
Second primary pancreatic cancer had a higher rate of resectability, and there was no difference in the effectiveness of curative surgery and chemotherapy between 2nd and 1st PDAC. Therefore, when curative surgery for 2nd PDAC is possible, it should be conducted similarly to curative surgery for 1st PDAC. Considering the increased risk of 2nd PDAC in cancer survivors and the fact that surgery is the only curative treatment for this fatal cancer, more efforts are needed to develop screening programs for second primary pancreatic cancer in cancer survivors. 
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